Radioactive waste is produced during the NPP operation as well as the NPP dismantling and decommissioning phase. Different kinds of waste with different volumes, volume generation rates, properties and compositions have to be handled and treated according to the regulations of the corresponding country. The various waste streams arising especially during D&D activities require versatile treatment approaches to satisfy regulatory requirements and customer needs. Westinghouse has over 30 years of experience in the design, erection and commissioning of radwaste treatment equipment and facilities with special attention on waste volume reduction and minimization of secondary waste generation applied in projects, concepts and studies around the world.
INTRODUCTION
During NPP operation as well as NPP dismantling and decommissioning phase, radioactive waste is produced.
The waste to be handled and treated has different volumes, volume generation rates, properties and compositions. Various treatment and handling systems to transfer operational radioactive waste into a disposable form are used, whereas volume reduction and minimization of secondary waste are imperative principles. The applied equipment can be either used as single equipment or as a combination of processes and equipment. A typical example for combined waste treatment technologies is the Westinghouse Site Radwaste Treatment Facility. Further, minimization of the total life cycle cost for waste treatment and disposal is a key item for the application of economically viable solutions based on combined processes and integrated waste treatment systems.
APPROACH, SIMULATION AND OPTIMIZATION
First step of the radwaste treatment design, the waste streams arising from the nuclear facility have to be identified. The main parameters of each waste flow are taken into account (e.g. total volume generation, volume flow, activity and dose rate) as well as given boundary conditions (e.g. special treatment technologies, limited space, regulatory requirements). This information forms the basis for the design of the radwaste treatment center. In order to optimize the design, a sensitivity analysis with variation of input parameters, but also technology performance by comparing alternative waste treatment methods, is performed. The Westinghouse waste simulation and optimization software tool can help to achieve the best possible design with regard to optimized flow paths (high level) and reduced total life cycle cost of the radwaste treatment center, not only as a study, but through the entire design cycle from the concept phase to the final design verification. 3 RADWASTE TREATMENT CENTER 3.1 Cementation Facility The cementation facility is designed to solidify and condition liquid radioactive waste (concentrates), spent ion exchange resin and spent filter cartridges.
Concentrate is dosed from a storage tank into an empty drum at the filling station. Water and liquid additive is added by a given mixing ratio (according cement recipe). After the filling process the drum is conveyed to the mixing device. The mixing device is lowered down onto the drum in order to close/seal the drum for the mixing process. In this condition, cement and solid additive is filled into the drum and the mixing process starts.
Spent resin is stored in a separate tank and dewatered prior to dosing into an empty drum at the filling station. After dosing, water and liquid additive is added by a given mixing ratio (according cement recipe). After the filling process the drum is conveyed to the mixing device, where cement and solid additive is filled into the drum and the mixing process starts. The same filling and mixing positions are used for concentrate and spent resin cementation.
Spent filter cartridge are loaded into empty drums (with filter basket) at the filter loading station. The filter baskets ensure that the filter cartridge has a defined position in the center of the drum. After the loading process, the drum is conveyed to the filling station. An additional grouting device provides the required cement and water mixture which is filled at the filling station into the drum. The grouting device is placed outside the active zone.
All drums are automatically capped and monitored in a dose rate measurement and gamma spectrometry station.
The major equipment comprises a transfer system consisting of roller conveyor, crane & applicable gripper for drums and shielding containers, automatic drum capping device, cement and waste filling system, filter loading unit and in drum mixing system. Furthermore, all required auxiliary equipment for hydraulic, pneumatic and electric / control system is part of the facility. The control system is based on actual PLC technology which enables the operation personnel to ensure a reliable waste composition. The equipment is designed to be remote operated, under radiation exposure conditions. In total, four cementation facilities have been designed, delivered, installed and commissioned, whereas the first facility successfully passed the hot functioning test and is in regular operation. 
Sorting and Compaction Facility
The sorting and compaction facility is designed to condition dry active waste by supercompaction and grouting.
Dry active waste is manually sorted in a sorting box and filled into compactable drums. To enhance the filling grade of the drum, a pre-compactor is used. In case the waste still contains humidity or moisture, a drum-dryer can be applied to remove the moisture. The filled drums are supercompacted. The resulting pellet is measured (height, weight, dose rate) and stored. Two or more pellets are put into an optimized overpack. The overpack drum is grouted and capped.
Major equipment comprises a transfer system consisting of roller conveyor, crane & applicable gripper for pellets and an optimizing table, a drum-dryer system, sorting box, Supercompactor, grouting station and a HEPA filter unit. Furthermore, all required auxiliary equipment for hydraulic, pneumatic and electric / control system is part of the facility. The control system is based on actual PLC technology which enables the operation personnel to ensure a reliable waste composition. The equipment is designed to be remote operated, under radiation exposure conditions and manual operation for activities in very low dose rate environment. In total, five sorting and compaction facilities have been designed, delivered, and are under installation and commissioning. The Site Radwaste Treatment Facility (SRTF) is an integrated waste treatment center, designed to treat all operational waste of several units of a nuclear power plant location (AP1000, ABWR, VVER, etc). It is also possible to design the SRTF to treat the residuals of decommissioning and dismantling activities or legacy waste remediation.
In the following, the SRTF Sanmen is described, which is designed to treat the operation waste of 2 AP1000® units at the Sanmen site, PR China. The design includes the option to increase the treatment capacity to treat the waste generated by 6 AP1000® units. The waste to be treated consists of dry active waste, filter cartridges, liquid radioactive waste and spent ion exchange resin. The goal is to achieve high volume reduction and to transfer the waste into a solidified or immobilized waste form. The waste is transported from each AP1000® unit to the SRTF via transport tanks or transport containers. The final product of the SRTF processes is a 200 L waste drum.
Dry active waste
Dry active waste (e.g. plastic, insulation, textiles) are collected and pre-sorted in the reactor units. The waste is packed into plastic bags and put into skeleton boxes.
A 20 ft transport container is used to transport the boxes to the SRTF building. The bags are opened in a Sorting Box and the waste is manually put into 160 L crumble drums (according waste sorting criteria). An integrated precompactor is used to enhance the filling grade of the crumble drum. In case the waste contains moisture, the drums can be dried in a 12-Drum-Dryer. Non-compactable parts are sorted out and put into 200 L drums for direct grouting.
HVAC filter are separately treated in the HVAC-Filter Processing. The filter frame is cracked, the HVAC filter is precompacted and pushed into a 160 L crumble drum.
All crumble drums with dry active waste are manually capped and transferred to an automatic drum transport system (roller conveyors and drum trolleys on rails). The drums are transferred to the Supercompactor. A maximum compaction force of 2000 t is used to compact the drums and to transform them into pellets. After removal from the Supercompactor, the pellets are measured (height, weight, dose rate) and stored in the Pellet Optimizer. It is used as a pellet buffer store to enable the optimized loading of the pellets into 200 L drums (overpacks). Subsequently, the 200 L drums are filled with cement at the Grouting System. The certified grouting recipe has been developed to meet the Chinese codes and standards. The drum is automatically capped and stored on roller conveyors for curing. Prior to the transfer into a drum storage building, the 200 L drums are measured (weight, gamma spectrometry, dose rate and surface contamination test). All the processes are remote controlled or fully automatic (except manual operations as described above).
Filter cartridges
Filter cartridges are used in the AP1000® for e.g. primary coolant filtration. The filter cartridges are put into a 200 L drum at the reactor. A Shielded Transfer Cask is used to transport the filled 200L drum from the reactor to the SRTF, where the drum is grouted, as described above. Due to the high dose rate of the filter cartridges, the entire handling is remote controlled.
Spent resin
Spent resin is transported in a Shielded Transport Tank from the AP1000® units to the SRTF. The coupling to transfer the resin from the transport tank into the SRTF resin buffer system is fully automatic (see Figure 5 ). The buffered resin is treated with the Hot Resin Supercompaction process. Thereby, resin is dewatered and dried under vacuum in the Conical Dryer. Thereby, the resin volume is decreased. Additive is added during the drying process. The dry (hot) resin is filled into a 160 L crumble drum, is automatically capped and transferred to the Supercompactor where the drum is compacted. The supercompaction process leads to a further volume reduction, thus a total volume reduction of approx. 2 is achieved (from wet, dewatered resin volume to pellet volume). The resulting pellets are buffered in the Pellet Optimizer and overpacked and grouted as described above.
Figure 5. Shielded Transport Tank for resin, coupled to SRTF
It has to be mentioned, that a volume reduction factors of approx. 3 (from wet, dewatered resin volume to pellet volume, depending on the resin type) is achievable by using the Westinghouse "Hot Resin Supercompaction Next Generation" process, which includes resin grinding. 
Liquid radioactive waste
Liquid radioactive waste (LRW) from the AP1000® units consists of contaminated water from cleaning processes, water from decontamination and samples for chemical analysis. The LRW is transported in Shielded Transport Tanks from the nuclear island (NI) to the SRTF. The automatic coupling at SRTF is similar to the coupling of the resin Shielded Transport Tank described above.
The LRW is buffered in Tanks at the SRTF and can be sampled and conditioned with additives. Once a batch is ready for processing, the LRW is treated first in the Evaporator (vapour compression evaporator) and the resulting concentrate is completely dried in an In-DrumDryer. Thereby, all residuals and salts are dried inside 160 L crumble drum, which is automatically capped and compacted in the Supercompactor. The resulting pellet is treated and overpacked as described above.
Figure 7. In-Drum-Dryer for drying of concentrates
In case drying of LRW is not possible, the SRTF is equipped with a cementation system to immobilize either the LRW or the concentrate produced by the Evaporator. This process leads to a significant volume increase, instead of volume reduction.
Further, the SRTF is equipped with a Mobile Treatment system, consisting of filter cartridges, reverse osmosis and ion exchangers. This system is integrated in a 20ft container and can be positioned directly at one of the AP1000 units in case the normal filtration system cannot be utilized.
CONCLUSION
Westinghouse has over 30 years of experience in the design, erection and commissioning of radwaste treatment equipment and facilities with special attention on waste volume reduction and minimization of secondary waste generation applied in projects, concepts and studies around the world. Minimization of the total life cycle cost for waste treatment and disposal is a key item for the application of economically viable solutions based on combined processes and integrated waste treatment systems.
